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processes represent further avenues to improve global change science. 48
Main conclusions Despite repeated claims for a better integration of multiple drivers, CC and LUC 49 effects on species distributions and abundances have been mostly studied in isolation, which calls for 50 a shift of standards towards more integrative global change science. The guidelines proposed here will 51 Introduction 55
Over the past decades, the challenges to biodiversity presented by climate change (CC) have triggered 56 exponential growth in the literature on the current and predicted CC impacts on populations, species 57 and ecological communities (e.g. Parmesan and Yohe, 2003) . Evidence shows that ecosystems have 58 already been greatly affected and that impacts will continue mostly unabated. What we still largely 59 ignore is the magnitude of these past and, above all, future impacts (Hansen et al., 2015) . 60
Most studies on the impact of CC on species distributions have shown that species vary greatly 61 in their responses (e.g. Parmesan and Yohe, 2003) . This heterogeneity in responses reflects recommendations (Titeux et al., 2016) . 72
To identify obstacles towards integrating drivers and ways to overcome them, we analysed how 73 CC and land-use change (LUC) impacts on species distributions have been, and could be, studied. Our 74 aim was to provide a pragmatic approach to that challenge (Oliver and Morecroft, 2014; Parmesan et 75 al., 2013) . We therefore addressed four questions: 1) What is the degree of CC-LUC integration in 76 published studies on changes in species distributions? 2) What are the consequences of insufficient 77 integration of drivers? 3) What factors might limit CC-LUC integration? 4) How can integrative 78 studies of CC-LUC effects on species distributions be promoted? 79
Current CC-LUC integration in studies of species distribution 81
We analysed the peer-reviewed literature in three steps. First, we searched Web of Science 82 (http://www.webofknowledge.com) for publications over the 2000-2014 period, on the effects of 83 either CC (temperature and rainfall), LUC or both, on observed or projected changes in species 84 distributions (i.e. species ranges and abundances) in terrestrial ecosystems (see complete list of 85 keywords used for each criterion in Table 1 ). Second, we read the abstract of all publications on the 86 effects of both CC and LUC on observed changes in species distributions. We then qualitatively 87 assessed the level of driver integration in any given relevant publication based on its abstract. Finally, 88
we read the full text of all publications truly designed to integrate both drivers and assessed their 89 outcome. For the second and third steps, we also included publications on the effects of both CC and 90 Currently, there are more than three times more publications on CC than on LUC for projected 97 changes and twice more publications on CC than on LUC for observed changes. The proportion of 98 publications including both CC and LUC almost doubled after 2005 but remained around 12-14% of 99 the total on that theme, suggesting limited CC-LUC integration regardless of whether the study 100 focused on observed or projected changes ( Figure 1) . 101 designed to assess the effect of both drivers were published over the last five years. These integrative 116 studies were of three types (see box 1 for more details). A first set showed that, in some cases, despite 117 strong expectations that observed changes were driven by CC, the effects of LUC clearly overrode concluded that only CC had an impact on species distributions. This suggests that the lack of CC-LUC 125 integration is currently jeopardizing our understanding of global change impacts on species 126 distribution (i.e. which driver is having an impact, where, when and why). 127 128
Poor levels of true integration -We identified four levels of integration based on the abstract

Consequences of poor CC-LUC integration in studies on species distributions 129
Our analysis of the literature suggests that the lack of CC-LUC integration in studies on species 130 distributions and the dominance of CC-only studies is likely to result in inappropriate management 131 strategies or missed conservation opportunities, and may even trigger, in some cases, a relaxation in 132 appropriate conservation efforts. 133
Overemphasis on connectivity -The lack of CC-LUC integration implies that biodiversity 134 management strategies essentially derive from CC-only studies, which mainly recommend to increase 135 showed that expected CC-driven range contractions of mountain forest birds could be partly 150 compensated by enhancing forest structural complexity. The dominance of both LUC-only and CC-151 only studies is therefore likely to hamper the development of effective conservation strategies (but see 152
Faleiro et al., 2013). 153
Insufficient conservation efforts -Finally, the lack of CC-LUC integration and the 154 dominance of CC-only studies assessing observed shifts in species distribution is likely to have 155 resulted in overrating the effects of CC and downplaying the negative effects of LUC. This is likely to 156 divert funds and efforts away from more immediate conservation priorities (Maxwell et al., 2016) . 157
The risk of insufficient local conservation efforts is extremely acute for species declines inaccurately 158 attributed to CC (e.g. Hockey and Midgley, 2009) integration can first be explained by the fact that CC has been expected to impact species distributions 171 at broader spatial and temporal scales (regional-continental, >50 years) and LUC at finer (habitat-172 landscape, <20 years; Parmesan et al., 2013) . This has resulted in the assumptions that CC overrides 173 LUC at regional scales (Thuiller et al., 2004) , and that LUC overrides CC at local scales (Bailey et al., 
Lack of recognition of correlations between species' thermal and habitat requirements -193
Finally, species' thermal optimum and habitats have repeatedly been used to assess the effects of CC 
Question the role of multiple processes in species requirements and distribution-Species 237
thermal optimum or latitudinal distribution and species habitat requirements may be correlated. 238
Comparing distribution changes among species with diverse habitat requirements, uncorrelated with 239 their thermal requirements, or species with diverse range limits, uncorrelated with land cover limits, 240 may be a good approach (e.g. Konvicka et al., 2003) . Another solution could be to expand hypotheses 241 on CC indicators to LUC in order to develop novel indicators allowing to quantify the respective roles 242 of, and interactions between, multiple drivers (e.g. Kampichler et al., 2012) . Finally, there is now CC and LUC -proj Species distribution: "species diversity" OR "distribution range*" OR "range expansion*" OR "range contraction*" OR "distributional shift*" OR "range shift*" OR "elevation* distribution*" OR "altitudinal distribution*" OR "latitudinal distribution*" OR "species distribution*" OR "species abundance*" OR "species composition" OR "community composition" OR "population change*" OR "population decline*" OR "species range*" OR "species richness"
Land-use change: "land-use change*" OR "habitat change*" OR "habitat degradation" OR "habitat loss*" OR "habitat fragmentation" OR "land use change*" OR "land cover change*" OR "land abandonment" OR "agricultural intensification" OR "rural depopulation" OR "urbanization"
x x x x Climate change: "climate change" OR "global warming" OR "temperature increase" OR "precipitation loss" OR "drought" OR "flood" OR "extreme event"
x x x x
Observed: "observed" OR "historical" OR "past" OR "current"
x x x Projected: "predict*" OR "project*" OR "scenario" OR "future"
x x x NOT: "Pleistocene" OR "Paleo" OR "fossil" OR "glacial" OR "quaternary" OR "Holocene" OR "marine" OR "ocean*" OR "sea" science regarding the study design, data available and methods that can easily be implemented (must-473 do). We also suggest several avenues to further improve global change science (wish-list). 474 
